Background. In 1998, the UK government published a White Paper in which it set long-term targets for reducing smoking in the population. This longitudinal study aimed to examine whether progress has been made in achieving these in two adult general practice populations over an 8-year period.
Introduction
Smoking is a major cause of ill health 1 and, over the past decade, in the UK, there has been much publicity and expenditure concerned with the dangers of smoking and with smoking cessation strategies. Most have been directed at groups already suffering from or at specific risk of smoking-related illnesses, although recent publications have also discussed the problem of smoking among children. [2] [3] [4] In 1998, a White Paper 'Smoking Kills' 5 outlined the government's policy on smoking, and gave some long-term targets, including reducing overall adult smoking prevalence and also the prevalence in children. Despite this, smoking patterns in England, based principally on cross-sectional household surveys, appeared to show little change between 1992 and 2000. [6] [7] [8] The present longitudinal study examines changes in current smoking prevalence in adults from two general practices in North West England, observed on four occasions between 1993 and 2001. It forms part of the Wythenshawe Community Asthma Project (WYCAP), a long-term study of the natural history of respiratory symptoms in this population. 9 
Methods
Postal questionnaires were sent to all patients aged 16 years and over, registered with two neighbouring general practices, in four separate surveys (1993, 1995, 1999 and 2001) .
Questionnaires (Appendix) were based on the European Community Respiratory Health Questionnaire, 10 with some minor modifications including an additional question concerning current smoking 'How many cigarettes do you smoke each day?' For all four surveys, questionnaires were mailed with an accompanying letter on practice-headed paper, and non-responders were sent reminders 4 and 8 weeks after the first mailing. Subjects who had still not responded comprised those no longer living at the mailing address ('ghosts') and those still at the address who failed to reply ('true non-responders'). The number of ghost patients was estimated in the 1993 survey by identifying, from a 5% random sample of all non-respondents, those who were neither on the 1993 Electoral Register, nor in the telephone directory, and who had not consulted at the practice in the previous 12 months. The proportion of ghost patients in the whole population was found to be 5.4%, and this was used to calculate an adjusted response rate. The exercise was not repeated in the other surveys, but a similar proportion of ghosts was assumed. Each practice had between 5000 and 5500 patients registered during the period of the study.
Two main analyses were carried out. The first included all subjects who had answered the smoking question in all four surveys (referred to as the smaller cohort). The second included all who had replied to the smoking question on two or more occasions (larger cohort).
For each survey, subjects were categorized into one of four groups according to the number of cigarettes they smoked each day. Those smoking 20 or more were labelled 'heavy smokers' for the purposes of this study. 
Statistical analysis
The data were analysed using the Generalized Estimating Equations (GEE) approach, implemented using STATA 6.0. 11 This method takes account of the repeated measures nature of the prevalence data. An exchangeable correlation structure was assumed, i.e. there is a constant correlation between any pair of time points (i.e. it is independent of the year of measurement), and robust standard errors were calculated. Thus, for the second analysis, it was possible to include all patients who answered two or more of the four surveys, regardless of which surveys.
For the analysis of subjects replying on all four occasions (smaller cohort), the proportions of the various levels of smoking are presented for each survey. Since the patients included were the same for each survey year, it was possible to calculate a significance value for trend based on these proportions. For the analysis of those subjects who answered two surveys or more, the group of subjects at each time point was different, and the cross-sectional proportions did not accurately reflect within-subject change over time; these proportions are, therefore, not presented herein. It was, however, possible to estimate within-subject trends, and the statistical significance of these changes over time, expressed as P-values, are shown in the Results. Because of the relatively large number of statistical tests carried out, the threshold of statistical significance for this study was made more stringent (P Ͻ 0.01).
Results
Between 10 000 and 11 200 questionnaires were sent out in each of the four surveys. The response rates after adjustment for 'ghost' patients were 76.3% (1993), 76.8% (1995), 71.0% (1999) and 68.9% (2001) .
A total of 12 262 subjects answered the smoking questionnaire in at least one survey, of whom 2403 (19.6%) replied in each of the four surveys and were included in the first analysis; 7274 (59.3%) individuals responded on two or more occasions and were included in the second analysis.
Among subjects responding to all four surveys, 23.0% reported smoking on each occasion. The highest proportion of these persistent smokers, in both sexes, was in those aged 35-44 years at the time of the first survey (Table 1) . In all, 61.1% reported 'no smoking' in any of the studies. This was most frequent in those aged Ͼ65 years. Subjects who stopped smoking during the period of the study and were still non-smokers at the time of the last survey (ex-smokers) were most frequent in the age group 45-64 years in both males and females. 'New smokers'(those who started to smoke during the study and continued up to the time of the last survey) tended to be in the younger age groups.
When overall changes in smoking were considered (Table 2) , there was an identifiable decrease in the proportion of smokers over the 8-year period in both the smaller and larger cohorts; in the first, the prevalence fell from 34.2% in 1993 to 30.3% in 2001 (P for trend Ͻ0.001). This trend remained statistically significant when those answering two or more surveys were included. The prevalence of heavy smoking decreased from 15.9% in 1993 to 13.3% in 2001 (P for trend Ͻ0.001) for the smaller cohort, and again remained statistically significant for the larger cohort (P = 0.002).
When respondents were categorized by their age (in 1993) and gender (Table 3) , there were no significant decreases (i.e. P Ͻ 0.01) in smoking prevalence in either sex in subjects Ͻ45 years old. There were, however, significant decreases in females aged 45-54 years (smaller cohort) and 45-64 (larger cohort), and in males aged 55-64 years (smaller cohort) and 45-74 years (larger cohort). In subjects between 16 and 24 years, there was an increase in the proportion of smokers over the period of the study in both the smaller and larger cohorts, although Family Practice-an international journal statistical significance for trend was only reached in the larger cohort for male respondents (P = 0.004).
The prevalence of heavy smokers (Table 4 ) was higher in males in each survey, and was highest, for both genders, in those aged 35-44 years. In males, there were decreases in prevalence in those aged 45-64 in both cohorts. In females, the only significant decrease was in those aged 75 years or more, and this was significant only when all who replied on two or more occasions were included (larger cohort). In those aged under 45 years, there were no significant reductions in the prevalence of heavy smoking in either sex. In fact, in the youngest age group, there was an increased prevalence in both sexes in both cohorts, although significance was only reached when those answering two or more surveys were included (larger cohort, P Ͻ 0.001).
Discussion
This longitudinal study enabled the collection of smoking data from two general practice populations on four separate occasions over 8 years. It was carried out in the North West region of England, which has the highest prevalence of smoking and smoking-related disease in the country. 6 Further, the population studied was from an area with high levels of deprivation, where cigarette smoking is even more prevalent than in the remainder of a Smaller cohort = subjects answering all four surveys (n = 2403). b Larger cohort = subjects answering two or more surveys (n = 7724). a Smaller cohort = subjects answering all four surveys (n = 2403). b Larger cohort = subjects answering two or more surveys (n = 7724). a Smaller cohort = subjects answering all four surveys (n = 2403). b Larger cohort = subjects answering two or more surveys (n = 7724).
the region. The results between the two practices were, however, consistently similar, and although they may not be nationally representative, they are likely to reflect the situation of deprived populations in other parts of the country.
There was a significant improvement in smoking patterns over the 8-year period to 2001, with a decreased prevalence of smokers, including heavy smokers. These findings contrasted with National Household Survey figures, 6 which reported no overall changes since 1994.
Despite these positive changes, the overall prevalence of smoking in these deprived populations remained above the latest available national figures, and even above those reported for the whole North West region.
In addition, the improvements found were confined to the middle and older age groups, those most likely to be already suffering from, or at known risk of smokingrelated disease. The variation from national figures may be a reflection of the deprived nature of these populations and their consequent increased prevalence of smoking-related disease. Targeting this group for smoking cessation advice may have been a factor in reducing their smoking.
In subjects Ͻ45 years at the start of the study, there was little change in smoking prevalence. In fact, in the youngest group, those between 16 and 24 years, the proportion of smokers (and heavy smokers) showed increases for both males and females. The longitudinal design of the study enabled comparison of the same individual at different time points, i.e. within-individual analyses of change. 12 In addition, in the first analysis (smaller cohort), it was possible to include four observation points for all subjects, which provides inherently more reliable results than when those with fewer available time points are included. 13 The four surveys had adjusted response rates of between 69 and 77%. The estimate of 5.4% 'ghost' patients used to calculate this adjusted rate is likely to be conservative, as a proportion of telephone owners were ex-directory and not all subjects were on the Electoral Register. Two postal surveys from Newcastle 14 which used the Health Authority Register as the source of subjects calculated an adjusted response rate after taking account of concordance between this register and the electoral roll. The adjusted rates were 33 and 22% above the crude response figures for the first and second studies, respectively.
Loss of subjects over time has been reported as a potential bias in studies concerning smoking, because smokers are more likely to drop out. 15 In this study, Ͻ20% of those who completed at least one questionnaire answered all four. To address this problem, a second analysis was undertaken which used information from all who had replied to at least two questionnaires (larger cohort). In this way, it was possible to include 60% of all respondents. Both analyses showed broadly similar trends. It seems unlikely, therefore that there was any important bias, although the populations included in the two analyses were older and contained fewer smokers than those answering only one survey, a finding similar to previous surveys. 16 It is possible that this may have caused some over-estimation of the improvements in smoking prevalence over the study period.
Although a number of national household surveys in England have published cross-sectional data concerning smoking prevalence and change over time, 6 a search of the peer-reviewed literature revealed no critical analyses of these findings, or other comparable studies in England, conducted over the past decade. No studies have been reported with a 'within-subject' longitudinal design.
Although the government's White Paper 'Smoking Kills' 5 gave some long-term targets for reducing overall adult smoking prevalence and also the prevalence in children and pregnant women, no differentiation was made between various adult age groups. The smoking behaviour of parents has been found to influence smoking behaviour and health care of their children. A recent study 2 reported that in children age 9-15 years, the proportion who had ever tried smoking more than doubled in the group where at least one parent smoked. A study from Scotland 17 reported that children whose parents smoke heavily are less likely to be taken to the doctor for asthma symptoms than those of non-smoking parents.
The results of the present study reflect the smoking control policies of these practices, where specific targeting was made at health promotion and later chronic disease management clinics, of patients already suffering from or at specific risk of smoking-related disease. Healthy young adults were not given special attention. This may have been a factor in the lack of improvement in smoking habits of this age group. In fact, the highest rate of persistent smokers was in the age group 35-44 years at the start of the study. This is the group most likely to have children of an age at the greatest risk of starting to smoke. Educating these children in the dangers of smoking, 3 and reducing the glamour of smoking 2 may have little impact on their smoking habits if their parents continue to smoke.
Conclusions
These findings have implications for the achievement of government smoking targets concerning younger adults. Education and smoking cessation programmes appear to have had some success in the older age groups. In younger adults, however, new strategies are needed in order to prevent the onset of smoking-related disease. Until beneficial changes are achieved in young parents, it seems unlikely that smoking education of their children will be successful.
